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Effects and Influencing Factors of Energy-gathering Blasting in

Multi-jointed Rock Masses of Tunnels
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[ Abstract |

charge blasting, the finite element numerical simulation and orthogonal test method were used. Six factors, including joint spacing,

In order to investigate the key factors influencing over-under-excavation in multi-jointed rock mass tunneling with shaped

joint number, joint dip angle, joint thickness, in-situ stress, and borehole spacing, were comprehensively considered to study their
effects on the over-under-excavation volume. Range analysis was then employed to determine the main controlling factors. The results
show that in-situ stress, borehole spacing, and joint dip angle are the primary factors causing over-under-excavation. When the in-situ
stress is 4 MPa, the damage range of the surrounding rock is relatively small and crack propagation between boreholes can be ensured.
Borehole spacings of 60 ¢cm or 80 c¢m can effectively control the occurrence of over-under-excavation. A larger joint spacing is conducive
to the directional propagation of blasting cracks, thereby significantly optimizing the over-under-excavation control effect. It is conclu-
ded that this study can provide a reference for shaped charge blasting construction in multi-jointed rock masses, offering guidance for
optimizing blasting parameters, improving blasting methods, and forming good blasting contours.

shaped charge blasting; orthogonal test; multi-joint; over-under-excavation
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Fig. 1 Mechanical model of slotted cartridge blasting
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Fig.2  Schematic diagram of double-hole

shaped charge blasting model
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Table 1 Parameters of the HJC constitutive

model for shale!®’

¥ S8 Kl P SR Kl
1 p/(g-em™) 2.65 11 P./MPa 35
2 f./MPa 121.36 12 u, 0.000 8
3 A 0.71 13 P,/GPa 1.035
4 B 1.84 14 u 0.1
5 C 0.007 15 K,/GPa 85
6 S 5 16 K,/GPa -171
7 G/GPa 29.1 17 K,/GPa 208
8 T/MPa 13.8 18 & min 0.01
9 D, 0.045 19 N 1
10 D, 1
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Table 2 Material parameters of the explosive!"]

p/(g-em™) D/(m-s~') P /GPa A/GPa B/GPa
1.18 5122 9.53 276.2 8.44
R, R, w Ey/(Jeem™?) 4
5.2 2.1 0.5 0.038 7 1
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Table 3 Material parameters of air

o/ (grem ™) G C, G G
0.001 2 0 0 0 0
Cy Cs Co Eo/MPa XA
0.4 0.4 0 0.25 1.00

*4 PBEEHRSH™

Table 4 Material parameters of the slotted pipe *’

®Ep/  JDWBIT1/ o~ PP, DI
(grem ™) MPa " GPa MPa
8.93 400 0.35 117 100

*®5 TEHRSH™

Table 5 Material parameters of the joint'*

W p/ bR/ . R, B R
(grem™3) GPa ” MPa GPa
2.5 30.0 0.3 4.0 11.5
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Fig.3 Comparison between PMMA blasting test and

numerical simulation results
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Fig. 4 Schematic diagram of the energy-gathering

blasting excavation principle

F6 WIARBBWIEXRIWHEEZKTER
Table 6 Factor-level table of orthogonal test for
double-hole shaped charge blasting
HE AR
CPBEES W R
JeL LI LR i PE/em

KT BT (& 11 Y =S
J1/MPa #i/em  JE/mm

Ff) /()
1 60 2 30 2 15
2 80 4 45 3 20
3 8 100 6 60 4 25
4 12 120 8 90 5 30
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Table 7 Orthogonal test design table for double-hole
shaped charge blasting

F*8 EXHEMUABEIZELR
Table 8 Over-under-excavation results of

orthogonal simulation test

ky, -20.06 -49.38 87.94 25.03 84.89 21.25

R 253.98 187.26  44.35 51.35 64.59 65.36

300

250

200

eV e IR AR AE R em? R AR FE A/ em?
DG MRy M FLIEIEE TS TR TR TR RE 1 259.2 17 22.6
1 1 1 1 1 1 1 2 359.3 18 165.8
2 1 1 2 2 4 4 3 256.0 19 -118.7
3 1 2 3 4 1 2 4 329.1 20 -51.3
4 1 2 4 3 4 3 5 272.6 21 58.2
5 1 3 1 3 2 4 6 176.3 22 44.7
6 1 3 2 4 3 1 7 126.4 23 -62.8
7 1 4 3 2 ) 3 8 92.3 24 -82.5
3 1 4 4 1 3 2 9 27.6 25 96. 4
9 2 1 3 4 3 4 10 53.8 26 118.4
10 5 1 4 3 5 | 11 113.2 27 58.4
1 5 5 1 1 3 3 12 109.3 28 77.6
12 2 2 2 2 2 2 13 -58.1 29 -106.5
13 2 3 3 ) 4 | 14 146.3 30 -118.7
14 5 3 4 ) 1 4 15 -104.7 31 -137.6
5 5 4 , 3 4 5 16 -77.6 32 -148.5
16 2 4 2 4 1 3 T IEERRBIZ G, fUERR KIZ 5,
17 3 1 3 1 4 2
18 3 1 4 2 1 3 9 BREERMERERESWER
19 3 2 1 4 4 1 Table 9 Range analysis results of influencing factors on
20 3 2 2 3 1 4 over-under-excavation
a3 3 3 3 3 3 pge W JRALIRIEE AR WAL AR TR
22 3 3 4 4 2 2 T g/MPa L/em 8 /mm 6 n/%  D/cm
23 3 4 1 2 3 4 k233.91 137.89  43.59  67.33  20.30  86.61
24 3 4 2 1 2 1 ky, 26.23  96.71  54.15  76.38  56.79  75.20
25 4 1 1 4 2 3 ky  -3.00 51.85  44.19  61.35  75.10  54.01
4 1 2 3 3 2
4 2 3 1 2 4
4 2 4 2 3 1
4 3 1 2 1 2
4 3 2 1 4 3
4 4 3 3 1 1
4 4 4 4 4 4
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Fig. 5 Over-under-excavation under different factor levels
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Fig. 6 Hoop stress distribution curve on the borehole wall
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Table 10 Comparison between theoretical and
simulated values of hoop stress

P /MPa P /MPa FRipff/MPa  BUEMIE/ MPa 1R32/%
4 4 8 7.569 5.38
8 8 16 15.16 5.25
12 12 24 22.74 5.25
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Fig. 7 Diagram of shaped charge blasting
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